The relationship between the cross-sectional dimensions and the physical properties of bovine metacarpal compact bone in samples taken perpendicular to the long axis was investigated. The dynamic shear modulus differs from site to site along the shaft. The dorsal aspect of the metacarpus shows the highest moduli values, the ventral aspect the highest values of the damping of the dissipated energy. The various second moments of area, the moments of resistance, as well as the values of the dynamic shear modulus, represent adaptations to the function of the metacarpus. The values of the damping factors in the bony material are inversely related to the distribution of the amount of Ca along the bone shaft.
INTRODUCTION
The mechanical properties of bone have been the subject of many investigations over the years. Most of these investigations concern the long bones. Long bones provide an excellent source of fairly uniform tissue from which specimens of almost any configuration can be obtained. VAN MUSSCHENBROEK (1762) was the first to mention results of investigations on the mechanical properties of bone, in this case bovine and whale bone. RAUBER (1876) already found differences in mechanical properties in one bone, as well as between dry bone of femur and tibia. He reported differences in torsional strength at various sites on human humeral bone. Many studies mention local differences in the properties of bony material (EVANS & LEBOW, 1951; CURREY, 1959) . AMTMANN & SCHMITT (1968) concluded from investigations into the density and strength along the axis of human femoral bone, that a decrease in density was related to a decrease in strength. BONFIELD & CLARK (1973) analysed the relationship between the physical properties, porosity, and content of inorganic components of bone. TURNER et al. (1975) determined the strain patterns at the various sides of equine legs. They found a similarity between the strain patterns at the medial sides of tibias in horse and sheep. RAMAEKERS (1977) showed that there was a mutual dependency between cross-sectional shape and the dynamic shear modulus of bovine material of specimens taken longitudinally from the shaft. The present investigation was undertaken to determine the relationship between the shape of the bone and local differences of the dynamic shear modulus and damping of bony material in samples taken perpendicular to the shaft. The relationship between the local differences in the amount of Ca and the various values of the mechanical properties was also analysed.
EXPERIMENTAL PROCEDURE
The testing of the bony material was performed on two torsional pendulums, one developed at the Central Laboratory T.N.O., Delft, The Netherlands and the other built in our laboratory. A torsional pendulum can be used for the determination of the dynamic shear modulus and the damping behaviour of visco-elastic materials, a prismatic specimen being clamped between a groundplate and a crossbar, the inertia member. The torsional stiffness of the specimen, the inertial damping in the specimen, and the inertia of the cross-bar, together form a system which produces free-damped oscillations after a deviation from an equilibrium position. A detailed description of the apparatus used and the relevant mathematical theory have been given by NEDERVEEN & VAN DER WAL (1967) .
For the determination of the dynamic shear modulus and the damping of the applied load in the bony material specimens taken from the right metacarpus of mature female Bos taurus (Rhine-Meuse-IJssel breed) were used. The cows were obtained from the municipal slaughterhouse in Leiden. After preparation, all specimens were immersed in an isotonic Ringer solution and refrigerated within 30 minutes after slaughter until tested. Investigations were done in 18 metacarpals at room temperature and with an applied load frequency of about 1 c/s. The length of the metacarpals was measured before preparation, after which the joint heads were sawed off with a diamond saw-blade and the middle part of the bone (from 60 mm proximal to 40 mm distal to the centre) was used. From the diaphysis, 20 samples were taken from the ventral aspect of the bone, perpendicular to the long axis (Fig. 1) . A line representing a cross-section through the mid-point of the bone was taken as the dividing line between samples 12 and 13.
The samples were prepared by handsawing and manual wetgrinding with carborundum paper to obtain a size of 4.0 X 2.4 mm. The wetting agent used for smoothing was the Ringer solution in which the bones had been stored.
